A small but engaged group of attendees of the 38th International Union of Physiological Sciences (IUPS) Congress in Rio de Janeiro, Brazil welcomed the release of a report from the Board of the General Assembly (BGA) of the IUPS on the current status and challenges of the field of physiology world-wide. The report has its origins in responses to a questionnaire prepared by the BGA and distributed to representatives of each of the adhering bodies, supporting societies, regional members, associate members, and affiliated societies. The survey sought information on challenges that impact the ability of their membership to do research, to educate undergraduate, graduate, and postgraduate trainees, to assess trainees in their mastery of physiology, and to gain employment as a physiologist. The BGA received feedback from 27 organizations 1 located across the globe. The report is accompanied by eight essays penned by researchers and educators who reflected on the progress, status, and challenges in the physiological sciences worldwide. The full report and companion essays are available at http://www. iups.org/media/other_reports/Physiology--Current_Trends_and_Future_Challanges. pdf.
Research Challenges
Regarding the ability to do research, the BGA probed for information on the funding situation, commonly used experimental models, ability to develop research collaborations with other academic institutions and with industry, the social challenges in the pursuance of basic research, and the general public's perception of basic research. Most organizations expressed concern regarding the availability of funds to do physiological research, with financial support from government resources deteriorating in recent years in most countries. Several organizations noted that funds are more likely to be disbursed to researchers doing clinical rather than basic science research. In Africa, researchers rely on personal resources to support their research. Unlike most responding organizations, the Physiological Society of Korea said that funding from government sources to support basic science research may actually be increasing.
Physiologists across the world use a range of experimental models, but several responding organizations commented on diminishing practical skills for in vivo techniques and animal-based experimentation. In most if not all countries, research and training in physiology is conducted under the close surveillance of ethics committees. A challenge physiologists encounter in some countries is that regulations are getting stricter, so getting approval for human and animal studies has become more complicated. The use of in silico models is on the rise and has been formalized via organized groups such as the Committee for Promotion of Physiome and Systems Biology (Japan), Korean Physiome Research group, and the Physiome project (New Zealand). Increase in computational modeling in the U.S. has resulted in a need to identify a repository for in silico models. Establishment of effective links for collaborative research with other national/ international research institutions and with industry is strongly encouraged in many regions. In fact, in the U.S., industry is seeking out competent physiologists to conduct animal experimentation especially since many pharmaceutical company testing laboratories have been closed. The social acceptance of basic research in the physiological sciences is variable across the world, ranging from strong support (e.g., Finland, U.S.) to lack of a dialogue between the scientists and public leading to fewer students being willing to study physiology in China. Although general trust for scientists remains high in the UK, public engagement with science and research is lacking.
Educational Challenges
The BGA also sought information about policies in physiology teaching in undergraduate through postgraduate levels, the methods used to teach and assess competency in physiology, and the inclusion of animal and human practical exercises. Most of the physiological societies that responded to the questionnaire noted that physiology is taught to students in a broad range of academic programs, including undergraduate and graduate programs at universities and in medical, dental, veterinary, and nursing programs. In some countries (Bangladesh, Bulgaria, Cuba, Estonia, Nepal, and Pakistan), physiology as an undergraduate basic science subject does not exist. In Japan, the physiological science is understood to be indispensable toward an understanding of the mechanisms of life. Several responders remarked that physiology is not always taught within a dedicated physiology course, and there is a growing emphasis that all material in medical education must be clinically relevant.
The learning tools used in physiology teaching include didactic lectures, problem-based learning, case-based learning, and team-based learning, as well as journal clubs and seminars. Recently, there has been increased use of a flipped-classroom model in which short video lectures are viewed by students at home before the class session, and in-class time is devoted to exercises, projects, or discussions. In most regions, both formative and summative assessments are used to determine competency; methods include a mixture of short-and long-answer questions, multiple-choice questions, and reasoning assertion. The Physiological Society noted the importance of understanding pathophysiology in carrying out differential diagnosis, in interpreting the results of many clinical tests, and in designing virtually all "informed" therapeutic and other treatment regimens needs to be constantly emphasized in undergraduate medical teaching. Human volunteers are common for noninvasive laboratory practical exercises at both undergraduate and postgraduate level courses in all the respondent countries. In contrast, in most countries, animals are now rarely used in practical laboratory exercises in undergraduate or medical school courses. In fact, there is a strict prohibition of the use of animals in education in Europe.
Career Prospects in Physiology
The BGA also queried physiological societies regarding the career prospects of its members. Globally, physiologists have good opportunities in academic positions as postdoctoral fellows, research associates in research laboratories, and faculty members. At undergraduate campuses in the U.S., the growth of physiology programs is promoting career opportunities with intense competition, and, in medical schools and large universities, the new faculty generally must arrive possessing research grants. Globally, professional opportunities are being sought by new PhDs since the struggle for obtaining funding support is very high, and they choose this route only if they have a very strong passion for research. Career opportunities for physiologists in non-academic institutions appear to be good in several countries. These career options include biopharmaceutical companies, biomedical equipment development companies, government health programs, and science journalism in many countries.
Achievements in Physiological Sciences
Achievements in physiological sciences that were shared by the respondent physiological societies worldwide are very encouraging. The American Physiological Society pointed to a global highlight of physiology in stating that "Physiology still can celebrate the fact that there is a Nobel Prize in Physiology or Medicine." A common theme of achievements was establishing strong links between physiologists and other biomedical scientists in establishing national, international, and industrial collaborations. Many countries take pride in organizing national and international meetings and workshops. For example, Brazil takes pride in successfully competing to host the 2017 IUPS meeting in Rio de Janeiro. Other achievements noted include that members of the Physiological Society of Japan have been successful in publishing their research in high-profile journals such as Nature, Science, PNAS USA, Journal of Physiology, Journal of Neuroscience, Clinical Investigation, and Circulation Research. Also, in the past 20 years, the Chinese Government has promoted a knowledge-based economy for sustainable growth, with more Chinese scientists returning to take positions in top universities and research institutions. Many societies take pride in the recognition of their members as recipients of major national and international awards.
The landmark BGA-IUPS report proposes the following seven recommendations to help physiologists and professional scientific societies grow and support physiology amid domestic and international funding shortages; changes in the way physiologists learn, practice, and collaborate; and shifting public support for science.
1) Societies should advocate for continued funding of basic research and collect evidence to document its state in their country. 2) Networks and working groups should be created, domestically and internationally, by IUPS and member societies to facilitate the exchange of knowledge and best practice in teaching and research. 3) Societies should continue the efforts of the IUPS Outreach Program to increase support among physiologists for IUPS initiatives and furthering of the World Health Organization's Health for All agenda. 4) Societies should implement outreach activities to raise awareness of and interest in physiology among the public, and encourage the uptake of physiology and related subjects by prospective undergraduate and postgraduate students. 5) Societies should develop resources to improve the teaching and learning of physiology, and to ensure graduates have a full appreciation of the complexities at all scales of physiological understanding.
6) IUPS must oversee a new Global
Mentorship Building Platform to facilitate mentor/mentee relationships among physiologists at various career stages, and in academic and clinical settings, to promote dialogue and aid career development. 7) Societies should explore new means to leverage funding from government and private sources to aid the development of new initiatives designed to strengthen the discipline. Eight essays reflecting the progress, status, and challenges in physiological sciences accompany the BGA-IUPS Report. Debabrata Ghosh and Jayasree Sengupta (Chair, BGA) traced how physiology as a science progressed historically to the present state of integrating physiological and allied sciences to realizing the movement from gene to tissue to organism. Janet Taylor (Chair, IUPS Commission I: Locomotion) discussed the current challenges of translating the findings from cell and animal models of locomotion to human health and prevention or amelioration of human disease. The fascinating role of gut microbiome and principles governing secretory and absorptive functions of the gut was discussed by Rene Bindel (Chair, IUPS Commission V: Secretion & Absorption), who noted that the field of molecular and cellular physiology for the next decades should be shaped by the balancing act between having an enormous amount of data and bringing them into a physiological context of organ and organism function. Ryuji Inoue (Chair, IUPS Commission II: Circulation & Respiration) suggested a promising approach to bridge the gap between molecular/cellular physiology and whole body effects explained as "reverse" or "synthetic" physiology in which cells are used to rebuild functioning tissues and organs by means of bio-fabrication technologies. Jens Rettig (Chair, IUPS Commission VI: Molecular & Cellular Physiology) noted that physiologists must embrace disciplines of functional genomics, proteomics, epigenetics, and bioinformatics to understand the multi-level, multi-scale networking involved in the continuum of health and disease. Andrew McCulloch (Chair, IUPS Physiome and Systems Biology Committee) said the IUPS is at the forefront with collaborative international ventures in multistage computational modeling in systems biology and physiology. As in any other technology-based fields, physiology has its own share of difficulties that often tend to mar the quality of scientific reporting and erode public confidence in scientific enterprise. Moody Corbett (Chair, IUPS Ethics Committee) and her colleagues highlighted how physiological sciences are impacted by ethical considerations in conducting experimental animal research, authorship issues, the reproducibility and reliability of research, and publications. Eminent physiologist Arthur Vander at a meeting of the American Physiological Society eloquently stated, "The quality and breadth of our teaching, even more than our research, will decide the future of physiology." Robert Carroll (Chair, IUPS Education Committee) has posed an argument of an emergent need to embrace new evolving technologies toward the professionalization of physiology education.
This first-of-a-kind BGA-IUPS report was received with praise from an enthusiastic and engaged audience at the World Congress in Rio, who challenged physiologists across the globe to communicate with a broad group of scientists, build multidisciplinary and multiregional collaborations, and bring integrative physiology to the forefront in research and education. Now the task of the IUPS and its member organizations is to identify ways to achieve these goals and to work toward research and educational collaborations and opportunities within the global physiology community. Ⅲ
